Abstract. An analysis of new spectroscopic and photoelectric UBV observations, satisfactorily covering the whole orbital period of V436 Per, together with existing data allowed us to improve the knowledge of the basic physical characteristics of the binary and its components. In several aspects, our new results differ from the findings of Paper I of this series: in particular, we found that it is the star eclipsed in the secondary minimum which is slightly more massive and larger than the optical primary. We also conclude that the apsidal advance -if present at all -is much slower than that estimated in a previous study. The orbital period might be increasing by 0.28 s per year but also this finding is very uncertain and needs verification by future observations. It is encouraging to note that two completely independent sets of programs for light-curve solutions lead to identical results. A notable finding is that both binary components rotate with very similar -if not identical -rotational periods of 1 .9 spin-orbit synchronization period at periastron. Rapid line-profile changes reported earlier could not be confirmed from new, dedicated series of high-resolution and S/N spectra.
Introduction
This paper is a continuation of the series of SEFONO papers aimed at the search for forced oscillation in binaries Paper I hereafter, Holmgren et al. 1997 , 1999 .
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This research is based on spectra from the Dominion Astrophysical Observatory (DAO), Ondřejov, and Thűringer Landessternwarte (TLS) Tautenburg. .82) has been identified as an eclipsing binary by Kurtz (1977) who used it as a comparison star in his Strömgren y observations of the Am star HR 540 but only French amateur observers succeeded in deriving its orbital period of 25 d .9 -see Figer & Maurin (1979) . North & Rufener (1981) noted that the amplitude of the RV curve was much lower than that expected for an eclipsing Article published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20030960 binary with a B-star primary. This problem was solved in Paper I: the first application of the KOREL disentangling technique to V436 Per led to the finding that the observed spectrum consist of heavily blended lines of two similar B2 stars. The correct RV curves have semiamplitudes of about 100 km s −1 and lead to normal masses for both stars. One longer series of electronic spectra used in Paper I also seemed to exhibit rapid line-profile variations.
The main goals of the present study are, therefore, to confirm or deny the presence of rapid line-profile variations of V436 Per reported in Paper I and to improve the knowledge of its basic physical characteristics, using new dedicated series of high-S/N spectroscopic and UBV photometric observations.
Observations and reductions

Spectroscopy
Altogether, 199 new electronic spectra of V436 Per were obtained at three observatories:
-2 in Ondřejov (2.0-m reflector, coudé, 17Å mm −1 Reticon spectra, 6300-6700Å); -23 at the Dominion Astrophysical Observatory (DAO hereafter) (1.2-m reflector, coudé, 10Å mm −1 CCD 4096 spectra, covering the range 6100-6700Å); and -174 (consisting of whole-night series, see Table 10 ) in the TLS Tautenburg (2.0-m reflector, coudé, 3.2Å mm
echelle spectra, 4700-7085Å).
Initial reductions of the spectra and their conversion into 1-D images were carried out by SY who used IRAF, for the DAO, by HL, using MIDAS software, for the Tautenburg spectra and by JJ using SPEFO software, developed by the late Dr. J. Horn -see Horn et al. (1996 Horn et al. ( ) andŠkoda (1996 . All subsequent reductions and velocity measurements were carried out by JJ in SPEFO. The wavelength calibrations were based on ThAr comparison spectra and the zero point of the wavelength scale was corrected individually through the measurements of selected atmospheric lines; see Horn et al. (1996) for details. Thanks to this last step, the spectra from all three instruments are safely on the same heliocentric wavelength scale for all practical purposes. We combined the new spectra with the electronic spectra already used in Paper I. Additionally, we also used the published radial velocites, based on photographic spectra, and compiled already in Paper I . The journal of all RV data files is presented in Table 1 .
The line spectrum of V436 Per is not very rich in the red spectral region. The only two strong lines are Hα and He  6678. One can also note weak Si  2 lines at 6347 and 6371Å, Ne  1 line at 6402Å, and C  2 lines at 6578 and 6583Å, located in the red wing of the Hα line.
Photometry
The analyses of Paper I suffered from the lack of U and B observations covering the secondary eclipse of the binary. For that reason, 881 new UBV observations were obtained Observations from all three observatories were reduced with the help of the reduction program HEC22 (rel. 13 and 14) which uses non-linear formulae for the transformation from the natural to the standard UBV system; see Harmanec et al. (1994) and Harmanec and Horn (1998) for the description of observing and reduction procedures and for a detailed documentation of the reduction program. Additionally, we included Hipparcos H p photometry published by Perryman et al. (1997) , which we transformed into Johnson V with the help of Harmanec's (1998) transformation formula. We also used earlier y and UBV observations of V436 Per, already analyzed in Paper I, but with three exceptions: we omitted photometric observations by Güssow (1929) and by Percy (1982) which only cover the phases outside eclipses, and the less accurate V observations by Böhme (1984) . The Geneva photometry was transformed to Johnson UBV using the transformation formulae derived by Harmanec & Božić (2001) . The journal of all photoelectric observations on which this study is based is presented in Table 2 . Table 3 . UBV data for the comparison and check star used.
4 Per (comp.) To bring all data into a comparable system of standard UBV magnitudes, we added the all-sky magnitudes of 4 Per and HR 540, based on numerous Hvar observations and listed in Table 3 , to the respective magnitude differences V436 Per − comparison and 2 Per − comparison. Mean differential UBV values of the check star 2 Per from all three observatories are also listed in Table 3 to illustrate the accuracy of our homogenization.
For convenience for future investigators, we publish all the homogenized individual photoelectric observations in Table 4 1 .
Solution of the light curve
FOTEL
To obtain a new solution of the light curve, we used the program FOTEL (Hadrava 1990 ) and all U, B, V and y observations listed in Table 2 . Some convenient features of FOTEL are that it allows calculation of individual zero points for individ-1 Table 4 is only available in electronic form at CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/408/611 ual data sets and also a simultaneous solution for observations in several different bandpasses.
One of the conclusions of Paper I was that V436 Per may undergo a slow apsidal motion with a period of 12300 ± 1900 years. Additional photometric observations of the narrow eclipses that we secured allow us to carry out further checks on that finding. A simultaneous FOTEL solution using all UBVy observations and all KOREL RVs yields a significantly smaller value of the periastron advance, which corresponds to a period of 51800 ± 9400 years. According to the covariance matrix which is a part of FOTEL solution, this value is somewhat correlated with a possible secular increase of the orbital period estimated by FOTEL as (0.26 ± 0.06) s yr −1 . Regarding also other strong correlations among several elements (for instance eccentricity, epoch of periastron passage and longitude of periastron are all correlated with correlation coefficients close to 0.99) one can conclude that the actual uncertainties of the above values are larger than what their rms errors, estimated from the covariance matrix, seem to imply. This means that both the apsidal advance and the period change are only marginally significant and tests on their reality by future observations of binary eclipses are required.
To enable such tests, we derived a FOTEL solution that neglects the very slow apsidal advance but allows for a period change as one of the elements. This solution indeed gives a small but formally significant increase of period with time, P = 0.284 ± 0.064 s yr −1 which leads to the following quadratic ephemeris for the epochs of primary minima:
We note, however, that the rms of this solution is practically identical to that for the solution without a period change. Considering the above discussion and the fact that the suspected period change is almost negligible over the time interval covered by our data, we decided to carry out further analyses assuming a constant period and no apsidal advance.
We then proceeded in two steps. First, we calculated a solution in which all data were treated with equal weight. In the second step we assigned each data set with a weight estimated Table 5 .
from the first solution. Weights were taken to be inversely proportional to the square of the rms errors. We fixed the linear limb-darkening coefficients at values of 0.390 in U, 0.395 in B and 0.340 in V, adopted from Claret (2000) . We let the program converge automatically, to machine accuracy, to achieve the solution after several hundreds of iterations. Both unweighted and weighted solutions are presented in detail in Table 5 . The U, B and V + y light curves are shown in Fig. 1 together with the O-C deviations of all UBVy observations from the final theoretical light curve.
BINSYN
As a separate check on the V solution, we used the BINSYN suite of programs (Linnell & Hubeny 1996) to do an independent simulation of the system. The BINSYN suite uses a different simulation algorithm from FOTEL. The BINSYN suite adopted the system parameters listed in Tables 7 and 9 . In the first simulation we adopted the linear limb darkening coefficient 0.340 used in the FOTEL solution. The plot of residuals was similar to that of Fig. 1 , and the calculated rms V residual of 1 observation was 0.0100, i.e. practically the same as for solution 1 of Table 5 . In a second simulation, The "mean rms" is the mean rms error of one observation of unit weight for the solution; all errors quoted with individual elements are rms errors of these elements calculated from the cross-correlation matrix.
we used non-linear second-order limb darkening coefficients (Wade & Rucinski 1985) . This simulation produced a calculated rms V residual of 0.0099. Because of the large eccentricity of the system, it is conceivable that the mutual irradiation varies sufficiently with orbital position to affect the light curves. We used BINSYN to 
Spectrum analysis
We analyzed two different spectral regions by a method of spectral disentangling (Hadrava 1995 (Hadrava , 1997 , using a new version of the program KOREL which allows one to use up to 300 spectra in the solution. Two different spectral regions were analyzed separately to check the consistency of the results.
The first region (6538-6594Å, see Fig. 2 lower part) contains an Hα and C II doublet and numerous telluric lines. For numerical reasons, it is necessary to use a larger step in RV for spectral segments covering broad lines like Hα 2 . In particular, we used a step of 5.0 km s −1 per bin and derived a solution in which the decomposition of telluric lines was also included.
The second region (6670-6687Å, see Fig. 2 upper part) contains only the line of He  6678 and could be analyzed with a finer step of 1.5 km s −1 per bin. This region is free of telluric lines and was therefore decomposed into only two binary components.
During these solutions, the orbital period was fixed at a value known with high accuracy from the weighted solution of the combined UBVy light curve, given in Table 5 . KOREL solutions for both spectral regions are compared with the final FOTEL light-curve solution in Table 6 and the RV curves for the He I line are shown in Fig. 3 . These solutions are in very good agreement with each other and with the photometric solution. 2 As explained in the original paper on KOREL, this program works with data representation in the logarithmic scale in wavelength. Its present version has a limited field to store the digitized line profiles. It is, therefore, important to use a step in wavelength that fully covers the studied spectral line, or a blend of lines, but does not reduce the original spectral resolution more than necessary. for the primary and secondary, respectively. The curve at the bottom is the mean spectrum of telluric lines.
Basic physical characteristics of the binary
Masses, radii and radiative characteristics
To obtain the final values of the masses, radii and other basic physical elements of the binary, we adopted RVs of the He  6678 line from the KOREL solution, considering that this line could be decomposed with a finer step in RV per pixel and gives, therefore, a more accurate result. Then we used FOTEL to calculate the final set of elements, based on a simultaneous solution of the light and RV curves. Relative weights of photometry and spectroscopy were chosen in such a way that photometry and spectroscopy accounted for half of the sum of (O-C) 2 each. The results of this combined solution are given in Table 7 (orbital and photometric elements) and in Table 9 (basic physical elements).
One can see that the result of Paper I was altered: it is the smaller and less massive star that is eclipsed in the primary 
0.412 rms (km s −1 ) 2 . 9 2 rms (mag) 0.0089 minimum 3 . We think that the reason for high sensitivity of the result to the quality and quantity of photometric data stems also from the unique geometry of the binary: the orbit is highly eccentric and one of the eclipses occurs quite close to the periastron passage. This may explain the rather large observed difference in the depths of both eclipses. 
Effective temperature, reddening, rotational velocities and distance
We adopted the mean V, B and U magnitudes of the binary outside minima as a weighted mean of these values derived by FOTEL for all data sets transformed to the standard UBV system (cf. Table 5 ). They are given in the column "Observed" of Table 8 . Using the luminosity ratios derived by FOTEL for each passband, we derived the UBV magnitudes of both binary components and applied a standard dereddening. Individually derived values of the reddening are given in columns "Primary" and "Secondary" for star 1 and 2, respectively. The dereddened values of UBV magnitudes of both components, given in the same columns, were derived using the mean values of the reddening derived for the primary and secondary, E(B − V) = 0. m 048 and E(U − B) = 0. m 035. To obtain a preliminary estimate of the effective temperatures of both stars, we used the correlation between (B − V) and log T eff derived by Buser & Kurucz (1978) and by Popper (1980) . This led to T eff1 = (21 500 ± 250) K and T eff2 = (22 000 ± 250) K for the primary and secondary, respectively. These values correspond well to the often -quoted spectral class B2.
To check on the estimates of the effective temperatures, we compared the line profiles decomposed by KOREL with the new NLTE line-blanketed model atmosphere computed with TLUSTY (Hubeny 1988; Hubeny & Lanz 1995) , and the SYNSPEC program (Hubeny et al. 1994) to generate model atmosphere fluxes. A plane parallel geometry was assumed in these calculations, as well as hydrostatic and radiative equilibria.
From a comparison with the line profiles decomposed by KOREL we also derived the v sin i values for both stars. The observed (disentangled) and synthetic line profiles are compared in Fig. 2. A NLTE model atmosphere spectrum corresponding to the parameters of the primary star (T eff = 21 500 K, log g = 4.25) was convolved with a rotational line profile having v sin i = 115 km s −1 for the secondary (T eff = 22 000 K, log g = 4.14) v sin i = 140 km s We carried out various comparisons with NLTE line profiles derived for a broader range of effective temperatures from 18 000 K to 24 000 K but the result was not altered. We were unable to obtain a really satisfactory fit for both stellar lines from both components simultaneously. Note that the effective temperature and -to some extent -also the relative luminosities (their errors are of the order of 10 per cent) are the only parameters we could vary since both the gravity acceleration and luminosity ratios of the two compoments are tightly fixed by our new RV and light-curve solutions. We, therefore, leave this problem open for the moment, until new photometry in both minima and spectra over a broader range of wavelenghts are available.
Adopting the above effective temperatures and dereddened V magnitudes of both stars, we were able to estimate also the distance to the binary, d = (340 ± 15) pc. This agrees very well with the direct distance determination, based on the parallax measured by the Hipparcos satellite (Perryman et al. 1997 : d = (315 ± 66) pc).
Rapid line-profile changes
Thanks to dedicated series of TLS spectra (5 nights, see Table 10 ), we could carry out a decisive test for the presence of rapid line-profile changes. To this end, we allowed KOREL to subtract the disentangled line profiles of both binary components (in Hα and He  6678), properly shifted in RV, from the individual spectra, and output the residual spectra in the rest frame of the primary, and secondary, respectively. For neither of these two possibilities did we detect any significant lineprofile variations.
To check on the presence of line-profile variations, we also used the temporal variance spectrum technique (TVS hereafter), devised by Fullerton et al. (1996) . We calculated the self-TVS for each long series of spectra listed in Table 10 , again with a completely negative result. spectra in the rest frame of the secondary compontent and the TVS of all spectra again. Neither in the residual spectra nor in the temporal variance spectra did we find any significant changes. On the right side of the figure, there is part of the observed spectra and the temporal variance spectrum calculated for all observed spectra of V436 Per. Here, one can see a bump in the core of the Hα line. This is, however, caused only by the orbital motion of the binary. In Fig. 4 , the observed mean Hα profile is compared with the TVS for the longest (fourth) night series. Only small shifts of telluric lines caused by the Earth's rotation and revolution around the Sun are detected but no trace of line-profile variations of the stellar profile can be seen 4 . We therefore conclude that the detection of line-profile changes, reported in Paper I, was spurious, caused by some accidental noise in the observed spectra.
Discussion
A new analysis of 243 electronic spectra and 2248 photoelectric observations of V436 Per allowed us to derive very . Left: a part of residual spectra in the rest frame of the primary and the TVS of all these residual spectra. Middle: a part of residual spectra in the rest frame of the secondary and the TVS of all these residual spectra. Right: a part of observed spectra of V436 Per and the TVS of all of them. Telluric lines stand out in the TVS and there is also a bump in the core of Hα. This, however, is solely due to the RV changes related to the orbital motion.
accurate physical characteristics of this binary. In contrast to Paper I, we found that the photometric primary is the smaller and less massive component of the binary. We also found that there is neither a measurable apsidal motion in the system nor evidence of rapid line-profile changes.
In spite of this, V436 Per still seems to be an astrophysically interesting system, found in a rather unusual dynamical state. Using the elements derived here, one can calculate the rotational periods of the primary and secondary, 1 .40, respectively. The synchronization at periastron would require rotational periods of both stars to be 10 d .9 (cf., e.g., Harmanec 1988) . We thus have a binary system with two similar, but distinctly different binary components, which both rotate much faster than what synchronization at periastron would require and have different v sin i but very similar if not identical rotational periods.
A disturbing problem which remains unsolved after this new study is the obvious discrepancy between the theoretical fully-blanketed NLTE line profiles of Hα for the secondary, and for the He  6678 line profile of the primary. The available electronic spectra are insufficient for a deeper discussion as we only have one Balmer line at our disposal. We therefore postpone the investigation of this problem for future study.
